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POWER SEMICONDUCTOR DEVICE 
HAVING HIGH BREAKDOWN VOLTAGE, 
LOW ON-RESISTANCE AND SMALL 
SWITCHING LOSS AND METHOD OF 

FORMING THE SAME 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application claims priority from Korean Patent 
Application No. 2002-34141, ?led on Jun. 18, 2002, in the 
Korean Intellectual Property Of?ce, and US. patent appli 
cation Ser. No. 10/464,059, ?led Jun. 17, 2003, both of 
Which are incorporated by reference. 

BACKGROUND 

The present invention relates in general to semiconductor 
technology, and more particularly to poWer semiconductor 
devices having high breakdoWn voltage, loW on-resistance, 
and small sWitching loss. 
A poWer semiconductor device such as a poWer metal 

oxide semiconductor ?eld effect transistor (MOSFET) is 
required to have high breakdoWn voltage, loW on-resistance, 
and small sWitching loss. FIG. 1 is a layout vieW of a 
conventional poWer MOSFET, and FIG. 2 is a sectional vieW 
taken along line A-A' in FIG. 1. In FIGS. 1 and 2, like 
references are used to refer to like regions, layers, or 
portions throughout. In FIG. 1, a plurality of hexagonal unit 
cells 100 are spaced-apart from one another by a predeter 
mined distance d so as to obtain an optimum breakdoWn 
voltage and on-resistance. The predetermined distance d 
betWeen the hexagonal unit cells 100 is the same as a Width 
d of a gate electrode 118. Each of hexagonal unit cells 100 
has a source region 108 of n+-type conductivity Which is 
overlapped by gate electrode 118 and source electrode 120. 

In FIG. 2, an n_-type drift region 104 extends over an 
n+-type drain region 102. Body regions 106 of p_-type 
conductivity are formed in an upper portion of n_-type drift 
region 104. Source regions 108 of n+-type conductivity are 
formed in an upper portion of p_-type body regions 106. 
Highly-doped regions 110 of p+-type conductivity are 
formed in p_-type body regions 106, and extend from a 
surface area of body regions 106 betWeen source regions 
108 to a depth terminating in drift region 104. Highly-doped 
region 112 of n+-type conductivity is formed in an upper 
potion of n_-type drift region 104 betWeen p_-type body 
regions 106. Highly doped (n+) region 112 is deeper than 
source regions 108 but shalloWer than highly-doped (p+) 
regions 110. Gate insulating layers 116 extend over channel 
regions 114 and highly-doped (n+) regions 112, and overlap 
source regions 108. Gate electrode 118 extends over gate 
insulating layers 116. Source electrode 120 contacts source 
regions 108 and highly-doped (p+) regions 110. A drain 
electrode 122 contacts n+-type drain region 102. 

In the hexagonal unit cell structure of FIGS. 1 and 2 
reducing distance d betWeen adjacent hexagonal unit cells 
100 increases the channel density per unit area Which 
reduces the device on-resistance. A further bene?t of reduc 
ing distance d is that it leads to an improvement in the 
sWitching speed of the device. This is because reducing the 
distance d by reducing the spacing betWeen adjacent body 
regions 106 results in a reduction in the total overlap area 
betWeen gate electrodes 118 and highly doped (n+) regions 
112. This in turn results in a reduction in the gate to drain 
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2 
capacitance (Cgd) and thus an improvement in the device 
sWitching speed. Furthermore, a loWer Cgd results in loWer 
sWitching poWer loss. 

Reducing the distance d hoWever has the draW back of 
increasing the on-resistance of the device. This is because 
reducing the spacing betWeen adjacent body regions 106 
increases the resistance in the JFET region (i.e., the region 
betWeen base regions 106). Moreover, because of the rela 
tively shalloW depth of highly doped (n+) regions 112, 
reducing the spacing betWeen body regions 106 reduces the 
effectiveness of highly doped (n+) regions 112 in minimiZing 
the resistance in the JFET region. 

In addition, because of the hexagonal shape of units cells 
100, the depletion region formed across the reverse-biased 
junction betWeen drift region 104 and body regions 106 has 
a spherical shape. This results in loWer breakdoWn voltage. 
To improve the breakdoWn voltage, it is necessary to 
increase the resistivity and/or a thickness of drift region 104. 
HoWever this Would lead a higher on-resistance 

Thus, a poWer device structure and method of forming the 
same Which has a loW on-resistance, high breakdoWn volt 
age, fast sWitching speed, and loW sWitching loss is desir 
able. 

SUMMARY 

In accordance With one embodiment of the present inven 
tion, a poWer semiconductor device includes a ?rst drift 
region of a ?rst conductivity type extending over a semi 
conductor substrate. The ?rst drift region has a loWer 
impurity concentration than the semiconductor substrate. A 
second drift region of the ?rst conductivity type extends 
over the ?rst drift region, and has a higher impurity con 
centration than the ?rst drift region. A plurality of stripe 
shaped body regions of a second conductivity type are 
formed in an upper portion of the second drift region. A third 
region of the ?rst conductivity type is formed in an upper 
portion of each body region so as to form a channel region 
in each body region betWeen the third region and the second 
drift region. A gate electrode laterally extends over but is 
insulated from: (i) the channel region in each body region, 
(ii) a surface area of the second drift region betWeen adjacent 
stripes of body regions, and (iii) a surface portion of each 
source region. 

In one embodiment, adjacent stripes of body regions are 
spaced apart from one another by a predetermined distance 
such that When a reverse bias is applied across the junction 
formed betWeen each body region and the second drift 
region a resulting depletion region has a substantially ?at 
boundary in the second drift region. 

In another embodiment, a frame region surrounds the 
plurality of stripe-shaped body regions such that upper and 
loWer portions of each body region are terminated in the 
frame region. The frame region has the same conductivity 
type as the body regions. 

In another embodiment, the second drift region has a 
graded impurity concentration Which reduces toWard an 
interface betWeen the ?rst and second drift regions. 

In another embodiment, the ?rst conductivity type is 
n-type and the second conductivity type is p-type. 

In another embodiment, the poWer semiconductor device 
is a MOSFET, the semiconductor substrate is of the ?rst 
conductivity type and forms MOSFET’s drain contact 
region, and the third region forms MOSFET’s source region. 

In another embodiment, the poWer semiconductor device 
is an IGBT, the semiconductor substrate is of the second 
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conductivity type and forms IGBT’s collector contact 
region, and the third region forms IGBT’s emitter region. 

In accordance With another embodiment of the present 
invention, a method of forming a poWer semiconductor 
device is as follows. A ?rst drift region of a ?rst conductivity 
type is formed over a semiconductor substrate. The ?rst drift 
region has a loWer impurity concentration than the semi 
conductor substrate. A second drift region of the ?rst con 
ductivity type is formed over the ?rst drift region. The 
second drift region has a higher impurity concentration than 
the ?rst drift region. A plurality of stripe-shaped body 
regions of a second conductivity type are formed in an upper 
portion of the second drift region. A third region of the ?rst 
conductivity type in formed in an upper portion of each body 
region so as to form a channel region in each body region 
betWeen the third region and the second drift region. A gate 
electrode is formed Which laterally extends over but is 
insulated from: (i) the channel region in each body region, 
(ii) a surface area of the second drift region betWeen adjacent 
stripes of body regions, and (iii) a surface portion of each 
source region. 

In one embodiment, adjacent stripes of body regions are 
spaced apart from one another by a predetermined distance 
such that When a reverse bias is applied across the junction 
formed betWeen each body region and the second drift 
region a resulting depletion region has a substantially ?at 
boundary in the second drift region. 

In another embodiment, a frame region surrounding the 
plurality of stripe-shaped body regions is formed such that 
upper and loWer portions of each body region are terminated 
in the frame region. The frame region has the same conduc 
tivity type as the body regions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the 
present invention Will become more apparent by describing 
exemplary embodiments thereof With reference to the 
attached draWings in Which: 

FIG. 1 is a layout vieW of a conventional poWer MOS ?eld 
effect transistor; 

FIG. 2 is a sectional vieW taken along line A-A' in FIG. 
1; 

FIG. 3 is a layout vieW of a poWer MOS ?eld effect 
transistor according to an embodiment of the present inven 
tion; 

FIG. 4 is a layout vieW shoWing only the frame region and 
body regions of the FIG. 3 layout vieW; 

FIG. 5 is a sectional vieW taken along line B-B' in FIG. 3; 
FIG. 6A is a sectional vieW of a poWer MOS ?eld effect 

transistor Where a distance betWeen adjacent body regions is 
relatively large; 

FIG. 6B is a sectional vieW of a poWer MOS ?eld effect 
transistor Where a distance betWeen adjacent body regions is 
relatively small; and 

FIG. 7 is a sectional vieW of a poWer semiconductor 
device according to another embodiment of the present 
invention. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

In FIGS. 3 through 6B, like reference numerals are used 
to refer to like regions, layers, or portions. FIG. 3 is a layout 
vieW of a poWer MOS ?eld effect transistor according to an 
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4 
embodiment of the present invention, and FIG. 4 is a layout 
vieW shoWing only the frame region and body regions of the 
FIG. 3 layout vieW. 

In FIGS. 3 and 4, a plurality of stripe-shaped cells are 
surrounded by a frame region 200. An upper portion and a 
loWer portion of frame region 200 are vertically connected 
to each other by body regions 308. That is, an upper end of 
the body region 308 is connected to the upper portion of the 
frame region 200, and a loWer end of the body region 308 
is connected to the loWer portion of the frame region 200. 
Body regions 308 and frame region 200 are of the same 
conductivity type. By forming body regions 308 in stripes 
and terminating them in frame region 200, an electric ?eld 
is prevented from being concentrated at the tWo ends of each 
body region 308, and thus the breakdown voltage of the 
device is improved. For the reasons stated above in connec 
tion With FIGS. 1-2 and more fully explained further beloW, 
it is desirable that a spacing a betWeen adjacent body regions 
308 be made as small as possible. Further, in one embodi 
ment, each corner 2000 of frame region 200 has a radius of 
curvature that is greater than a predetermined value, e.g., 
100 um, so that a spherical junction can be prevented from 
occurring. 

In FIG. 3, gate electrodes 318 (e.g., from polysilicon) are 
arranged in stripes such that upper and loWer ends of each 
gate electrode 318 terminate over frame region 200, and an 
outermost vertically extending side of the outermost gate 
electrodes 318 also terminates over frame region 200. 
Source electrodes 320 (e.g., from metal) are arranged in 
stripes betWeen adjacent gate electrodes 318. Each source 
region includes a vertically extending stripe portion 310a 
and short horizontally extending portions 31%. The short 
horiZontally extending portions 310!) electrically contact 
source electrodes 320. 

FIG. 5 is a sectional vieW along line B-B' in FIG. 3. Adrift 
region 304 of n_-type conductivity extends over an n+-type 
semiconductor substrate 302 Which serves as the drain 
contact region. An additional drift region 306 of n+-type 
conductivity is formed on n_-type drift region 304. Drift 
regions 804 and 806 may be epitaxially formed using 
conventional methods. Alternatively, only one epitaxially 
formed drift region of n_-type conductivity may be formed 
over substrate 302, and then the n+-type region 306 is 
formed in an upper portion of the epitaxially-formed n_-type 
drift region using conventional ion implantation methods. In 
one embodiment, a concentration of impurities in n+-type 
drift region 306 is graded and becomes smaller toWard the 
interface betWeen n+-type drift region 306 and n_-type drift 
region 304. Body regions 308 of p_-type conductivity are 
formed in an upper portion of n+-type drift region 306. 
Source region portions 310a (corresponding to the vertically 
extending stripe portions 31011 in FIG. 3) are formed in an 
upper portion of p_-type body regions 308. A highly doped 
region 312 of p+-type conductivity is formed in an upper 
portion of each of p_-type body regions 308. 

Gate insulating layers 316 overlap source region potions 
310a, and extend over channel regions 314 in p_-type body 
regions 308 and over n+-type drift regions 306 betWeen 
adjacent p_-type body regions 308. Gate insulating layer 
may be from oxide formed using conventional methods. 
Gate electrode 318 extends over gate insulating layer 316. 
Source electrodes 320 electrically contact highly-doped (p+) 
regions 312, but do not directly contact n+-type source 
region portions 310a. HoWever, source electrodes 320 elec 
trically contact n+-type source region portions 31011 through 
n+-type source region portions 310!) (FIG. 3). A drain 
electrode 322 electrically contacts n+-type drain region 302. 
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The source and drain electrodes may be from metal, and are 
formed using conventional methods. Also, conventional ion 
implantation methods may be used to form body regions 
308, highly-doped (p+) regions 312, and source region 
portions 310a, 3101). 
By using the n+-type drift region 306 Which has a higher 

doping concentration than its underlying n_-type drift region 
304, a loWer on-resistance is obtained. This enables the 
Width of the JFET region (i.e., the portion of n+-type drift 
region 306 betWeen adjacent p_-type body regions 308), 
marked in FIGS. 3 and 5 by letter a, to be reduced. The 
reduction in the Width of the JFET region results in a 
reduction in the area Where gate electrode 318 extends over 
n+-type drift region 306. The reduction in the area in turn 
reduces the gate to source capacitance (Cgd) Which helps 
improve the sWitching speed of the device. The reduction in 
the Width of the JFET region also helps improve the device 
breakdown voltage as described next With reference to 
FIGS. 6A and 6B. 

FIG. 6A is a sectional vieW of a poWer MOSFET Where 
a Width b of the JFET region (i.e., the region betWeen 
adjacent body regions 308) is relatively large. FIG. 6B is a 
sectional vieW of a poWer MOSFET Where a Width c of the 
JFET region is relatively small. FIGS. 6A and 6B respec 
tively shoW depletion regions 600 and 700 formed as a result 
of a reverse bias being applied across junction J formed 
betWeen drift region 304 and body regions 308. In FIG. 6A, 
because of the relatively large Width of the JFET region, the 
depletion region boundary in drift region 304 has a curvature 
at the rounded comers of junction J as shoWn in encircled 
area 610. Because of the curvature of the depletion region 
boundary, the electric ?eld lines in these areas become 
croWded (as shoWn by the arroWs in FIG. 6A). This results 
in a local increase in electric ?eld Which in turn causes a 
reduction in the breakdown voltage of the device. 

In contrast, in FIG. 6B, because the Width of the JFET 
region is relatively small, the boundary of depletion region 
700 in drift region 304 is only slightly curved as shoWn in 
encircled area 710. Thus, depletion region 700 boundary in 
drift region 304 has a substantially ?at contour. This results 
in a more uniform electric ?eld distribution in the drift 
region Which in turn results in higher breakdoWn voltage. 

Therefore, in FIG. 5, a higher breakdoWn voltage, faster 
sWitching speed, and loWer RDSO” can be obtained by appro 
priately setting the Width of the JFET region such that the 
depletion region boundary in the drift region has a substan 
tially ?at contour. 

FIG. 7 is a sectional vieW of an insulating gate bipolar 
transistor (IGBT) according to an embodiment of the present 
invention. The IGBT in FIG. 7 has a similar layout as the 
poWer MOS ?eld e?fect transistor in FIG. 3. A drift region 
804 of n_-type conductivity extends over a p+-type semi 
conductor substrate 802 Which serves as the collector con 
tact region. A drift region 806 of n+-type conductivity type 
extends over n_-type drift region 804. In one embodiment, 
a concentration of impurities in n+-type drift region 806 is 
graded and becomes smaller toWard the interface betWeen 
n+-type drift region 806 and n_-type drift region 804. Base 
regions 808 of p_-type conductivity are formed in an upper 
portion of n+-type drift region 806. Emitter regions 810 of 
n+-type conductivity are formed in an upper portion of 
p_-type base regions 808. Similar to the source regions in 
FIG. 5, emitter regions 810 include laterally extending 
portions (no shoWn in FIG. 7) for contacting emitter elec 
trodes 820. Highly doped regions 812 of p+-type conduc 
tivity are formed in an upper portion of p_-type base regions 
808. Gate insulating layers 816 overlap source regions 810, 
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6 
and extend over the channel regions in p_-type body regions 
308 and over portions of n+-type drift regions 806 betWeen 
adjacent p_-type body regions 308. Gate electrodes 818 
extend over gate insulating layers 816. Emitter electrodes 
820 electrically contact highly doped (p+) regions 812, and 
through laterally extending emitter region portions (not 
shoWn) contact emitter regions 810. A collector electrode 
822 electrically contacts p+-type collector region 802. 

Similar to the MOSFET in FIG. 5, the IGBT in FIG. 7 has 
loW on-resistance because of the n+-type drift region 806 
Which has a higher doping concentration than its underlying 
n_-type drift region 804. This enables the Width of the JFET 
region (i.e., the portion of n+-type drift region 806 betWeen 
adjacent p_-type body regions 808), marked in FIG. 7 by 
letter a', to be reduced. The reduction in the Width of the 
JFET region results in a reduction in the area Where gate 
electrode 818 extends over n+-type drift region 806. The 
reduction in the area in turn reduces the gate to emitter 
capacitance Which helps improve the sWitching speed of the 
device. The reduction in the Width of the JFET region also 
helps improve the device breakdoWn voltage because of the 
substantially ?at contour of the depletion region boundary in 
the drift region. 
As described above, by forming the body regions in 

stripes and terminating them in the frame region, an electric 
?eld is prevented from being concentrated at the tWo ends of 
each body region 308, and thus the breakdoWn voltage of the 
device is improved. In addition, the sWitching speed and the 
breakdoWn voltage are further improved by reducing the 
Width of the JFET region (i.e., the portions of the drift region 
betWeen body regions) so that the depletion region boundary 
in the drift region is substantially ?at. Moreover, the on 
resistance of the poWer semiconductor device is reduced by 
forming a drift region having a high concentration of impu 
rities on another drift region having a loWer concentration of 
impurities. 

Although the invention has been described in the context 
of poWer MOSFET and IGBT devices, forming other types 
of poWer devices (for example, a p-channel MOSFET) to 
obtain the bene?ts of the present invention Would be obvious 
to one skilled in this art in vieW of the above teachings. 

While the present invention has been particularly shoWn 
and described With reference to exemplary embodiments 
thereof, it Will be understood by those of ordinary skill in the 
art that various changes in form and details may be made 
therein Without departing from the spirit and scope of the 
present invention as de?ned by the folloWing claims. 
What is claimed is: 
1. A method of forming a poWer semiconductor device, 

comprising: 
forming a ?rst drift region of a ?rst conductivity type over 

a semiconductor substrate, the ?rst drift region having 
a loWer impurity concentration than the semiconductor 
substrate; 

forming a second drift region of a the ?rst conductivity 
type over the ?rst drift region, the second drift region 
having a higher impurity concentration than the ?rst 
drift region; 

forming a plurality of stripe-shaped body regions of a 
second conductivity type in an upper portion of the 
second drift region; 

forming a third region of the ?rst conductivity type in an 
upper portion of each body region so as to form a 
channel region in each body region betWeen the third 
region and the second drift region; and 

forming a gate electrode Which laterally extends over but 
is insulated from: (i) the channel region in each body 
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region, (ii) a surface area of the second drift region 
between adjacent stripes of body regions, and (iii) a 
surface portion of each third region, Wherein adjacent 
stripes of body regions are spaced apart from one 
another by a predetermined distance such that When a 
reverse bias is applied across the junction formed 
betWeen each body region and the second drift region 
a resulting depletion region has a substantially ?at 
boundary in the second drift region. 

2. The method of claim 1 further comprising: 
forming a frame region surrounding the plurality of 

stripe-shaped body regions such that upper and loWer 
portions of each body region are terminated in the 
frame region, the frame region having the same con 
ductivity type as the body regions. 

3. The method of claim 1 Wherein the second drift region 
has a graded impurity concentration Which reduces toWard 
an interface betWeen the ?rst and second drift regions. 

4. The method of claim 1 Wherein the ?rst conductivity 
type is n-type and the second conductivity type is p-type. 

5. The method of claim 1 Wherein the poWer semicon 
ductor device is a MOSFET, the semiconductor substrate is 
of the ?rst conductivity type and forms MOSFET’s drain 
contact region, and the third region forms MOSFET’s 
source region. 
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6. The method of claim 1 Wherein the poWer semicon 

ductor device is an IGBT, the semiconductor substrate is of 
the second conductivity type and forms lGBT’s collector 
contact region, and the third region forms lGBT’s emitter 
region. 

7. The method of claim 1 Wherein the gate electrode is 
stripe-shaped and extends parallel to the plurality of stripe 
shaped body regions. 

8. The method of claim 1 further comprising: 

forming a highly doped region of the second conductivity 
type in an upper portion of each body region; 

forming a ?rst metal electrode having a stripe shape, 
con?gured to contact the third region and the highly 
doped region in each body region; and 

forming a second metal electrode con?gured to contact 
the semiconductor substrate. 

9. The method of claim 1 Wherein each third region 
includes a stripe-shaped portion extending parallel to the 
plurality of stripe-shaped body regions, and a plurality of 
laterally extending portions con?gured to contact a metal 
electrode. 


